We investigate the relationships between Mg ii λ2798 emission line properties, as well as between these properties and inclination angle and Fe ii strength, in a lobe-dominated quasar sample. We find no correlation between Mg ii line width and inclination, unlike previous studies of the general quasar population. This suggests that the Mg ii emission region in these objects is not of a thin disk geometry, however the average equivalent width of the line negates a spherical alternative. A positive correlation between Mg ii equivalent width and inclination cannot be ruled out, meaning there is no strong evidence that Mg ii emission is anisotropic. Since thin disk emission would be highly directional, the geometric implications of these two findings are compatible. The lack of line width correlation with inclination may also indicate that Mg ii is useful for estimating black hole masses in lobe-dominated quasar samples, since it is unbiased by orientation. Some quasars in our sample have almost edge-on viewing angles and therefore cannot have a smooth toroidal obscurer co-planar with the accretion disk. Alternatives may be a distorted dusty disk or a clumpy obscurer. This could result from the sample selection bias towards high inclination objects, rather than intrinsic differences between lobe-dominated and typical quasars. Five objects have visible [O iii] allowing equivalent width calculation, revealing it to be higher than in typical quasars. Since these objects are of high inclination, this finding supports the positive correlation between [O iii] equivalent width and inclination found in a previous study.
INTRODUCTION
Quasars are a luminous and distant sub-category of active galactic nuclei (AGN), which are powered by supermassive black holes (SMBHs) accreting matter at the centers of galaxies. The quasar ultraviolet (UV) and optical spectrum, consisting of emission lines superimposed on a power-law continuum together with varying degrees of absorption, may be used as an indicator of the structure close to the central engine. Several studies within the past few decades have investigated apparent correlations between spectral properties. A very notable example is the application of PrincipalThis paper investigates, for a sample of SDSS quasars, the interdependencies between various Mg ii λ2798 line properties, as well as correlations between these properties and two other characteristics, namely quasar inclination angle and Fe ii emission strength. The inclinations of each quasar in our sample were obtained from a previous study (Kuźmicz & Jamrozy (2012) , hereafter Paper I), within which radio data enabled calculation of the angles. Reverberation mapping (Blandford & McKee 1982) reveals that lower ionization lines such as Mg ii have longer time delays between continuum and line variation than more highly ionized lines (Fine et al. 2013) , implying a stratified BLR structure where the ionization parameter decreases with increased radial distance from the black hole. Therefore, a study of Mg ii line properties potentially reveals information about the BLR "layer" encompassing low ionization conditions. A preliminary version of the results was presented during the conference "Quasars at all Cosmic Epochs " held in Padova, Italy in April 2017, and published in Wildy & Czerny (2017) . Here we present a full description of the methodology, we also expand the study by discussing more correlations and adding information from the IR band. We also report the results in much greater detail.
The contents of this paper are organized as follows: Section 2 describes the sample selection of quasar spectra obtained from the SDSS, Section 3 discusses the line and continuum fitting process, Section 4 details the line properties and correlation analysis, Section 5 discusses the implications of the results in Section 4 for the lobe-dominated quasar population, and Section 6 provides conclusions.
SAMPLE SELECTION
The quasars used in this study were obtained from the sample of 43 giant radio sources (GRSs) and 48 smaller comparison objects compiled in Paper I having calculated inclination angles. These quasars were selected from published radio source data or from radio source catalogues (see references therein). Quasar radio properties were measured in Paper I using maps from the National Radio Astronomy Observatory Very Large Array Sky Survey (NVSS) and the Faint Images of the Radio Sky at Twenty Centimeters (FIRST) survey (see Condon et al. (1998) and Becker et al. (1995) respectively). All quasars in their sample were double-lobed, being of Fanaroff Riley type II classification (Fanaroff & Riley 1974) and were required to have an observed radio structure spanning at least 0.2 arcmin in angular diameter, rendering the lobes and core resolvable in all data sources used. The GRSs are defined in Paper I as those objects with a radio structure >0.72 Mpc, given the cosmological parameters listed in Spergel et al. (2003) . Their results indicated no significant differences in fundamental quasar properties (such as accretion rate and black hole mass) between the two populations, so no distinction between them is made in this study. Most GRSs in their sample had a redshift suitable for studying the Mg ii line using ground-based optical observations. Their comparison sample objects were selected explicitly to render the Mg ii line visible in optical spectra, hence redshifts for all objects are within the range 0.4<z<2.1.
Calculation of the inclination angle (θ i ) was performed in Paper I for all but one quasar in their sample. This was done using the flux from the two visible radio lobes of each object and assuming that Doppler boosting was the principal contributor to the asymmetries in the observed radio lobes, using the following equation:
with s = (S j /S cj ) 1 (2−α) , S j and S cj being the peak flux density of the lobes appearing closer to and further from the core respectively, and β j being jet velocity as a fraction of the speed of light, which was assumed to be 0.6 in accordance with Wardle & Aaron (1997) and Arshakian & Longair (2004) . The spectral index was fixed at α=−0.6 as in Wardle & Aaron (1997) . Additionally, uncertainties in the inclination angles were estimated, using typical peak flux density measurement errors. It would be expected that the selection of lobe-dominated quasars with a large angular size would lead to the sample having a strong bias towards high inclination angles. This is indeed the case, the average of all θ i values recorded in Paper I being 73
• . Other biases in the sample are noted in Paper I (see Section 3 therein), most notably the fact that double-lobed radio quasars are very rare within the population of SDSS quasars, comprising only 1.7 per cent of the total (de Vries et al. 2006) . Therefore results obtained here may not necessarily be applicable to the quasar population in general.
All but five of the 91 objects in the Paper I sample have at least one SDSS spectrum. Some objects have repeated SDSS spectroscopic observations, for such objects we only used the spectrum designated "sciencePrimary" in Data Release 13. Before any analysis was performed, all SDSS spectra were corrected for Milky Way dust extinction using the method of Cardelli et al. (1989) , with A V values obtained from the NASA/IPAC Extragalactic Database (NED). The spectra were then corrected to the quasar rest-frame using redshift values (z) obtained from the NED and subsequently rebinned onto a 1Å grid. We only analyzed those objects where the SDSS spectrum spans at least 2300-3300Å in the quasar rest-frame, eliminating 30 objects from the final analysis sample. This criterion enables observation of the spectral region occupied by the Mg ii line as well as sufficient wavelength coverage either side of the line to enable fitting of the small blue bump, which results from Fe ii and hydrogen in the BLR. The 56 remaining quasars along with their redshifts, inclination angles and signal-to-noise ratios (S/N) at 2700Å are listed in Table 1 . Of these, only 45 were used in the final analysis sample, as a satisfactory fit to the small blue bump emission was not possible for ten objects (see Section 3.1), while one additional quasar was excluded due to a substantial absorption feature overlapping the Mg ii emission line. The distribution of inclination angles in the final 45-quasar sample is shown in Fig. 1 . In addition to the disk power-law continuum, the Mg ii line sits on the small blue bump (SBB), a complex blend of emission features consisting of the Balmer continuum (BC) and many broadened and blended Fe ii lines (Jin et al. 2012) . Therefore, the analysis of this line requires accurate modelling of the underlying SBB emission. Paper I attempted to "clean" the spectral region near Mg ii by first fitting a power-law to several relatively-line-free diskcontinuum bands outside the SBB in each quasar spectrum, before subtraction of this continuum. Subsequently, two Fe ii templates, one UV and one optical, were scaled and broadened to match the continuum-subtracted spectrum in the SBB region, within their respective wavelength domains, to form a total Fe ii model. Afterwards, this model was subtracted and the procedure repeated to ensure effective removal of the iron emission. The Fe ii templates used in Paper I were those of Vestergaard & Wilkes (2001) and Véron-Cetty et al. (2004) , based respectively on UV and optical data and obtained from observations of the narrow-line quasar I Zw 1. Following on from Wildy & Czerny (2017) , we improve upon the Paper I fitting procedure for our sample in two important ways. First, as an alternative to the two templates used in Paper I, we utilize iron templates developed by Bruhweiler & Verner (2008) to reconstruct the SBB Fe ii emission. These provide several model spectra produced for a range of physical conditions in the line generating plasma, the variable parameters being number density, microtur-bulence and ionizing flux. The best template could then be selected for any individual quasar in our sample based on the quality of the fit it provided. Second, we calculate the BC emission for each quasar based on the method described in Grandi (1982) by using the following equation:
where F BC ν is the flux of the BC at a given frequency (ν), F BE ν is the BC flux at the Balmer edge (located at 3646Å), T e is the electron temperature, k is the Boltzmann constant and h is the Planck constant. This continuum is ignored in Paper I despite it being a significant contributor to the overall SBB feature. Initially, for each quasar spectrum in our sample, a power-law continuum was fitted to relatively line-free regions and an appropriate Fe ii template was selected by eye and broadened using Gaussian smoothing to approximately match the features of the SBB. Subsequently, a grid in iron template normalization, T e and F BE ν was used to generate model SBB spectra. The gridpoint providing the model spectrum found to give the best fit (using chisquare minimization) to the power-law-subtracted observed spectrum in the range 2300-2600Å, 3000-3300Å was chosen as the appropriate SBB template for that particular quasar.
The iron template normalization values used for the grid were chosen to span 1-100 per cent, in 1 per cent increments, of the difference between the power-law continuum and the observed spectrum at 3000Å. For most objects, where the wavelength coverage included the Balmer edge, F BE ν values spanned 1-100 per cent, in 1 per cent increments, of the difference between the power-law continuum and the observed spectrum at the Balmer edge wavelength. Otherwise, F BE ν values were calculated based upon the same incremental process but at 3000Å, by extrapolating to the Balmer edge for each gridpoint based on Equation 2. The T e values spanned 5000-20 000 K in increments of 1000 K. Finally the two components of the best-fitting model, together with the power-law continuum, were simultaneously re-scaled to the SBB region, maximizing the quality of the fit. This last step was performed using the specfit software within the Image Reduction and Analysis Facility (iraf) 1 (Tody 1993 ). An example of a high quality final fit to the SBB emission (excluding the Mg ii line, whose fitting is described in Section 3.2) is shown in Fig. 2 . The fits were of poor quality in 10 out of the 56 cases, these quasars were therefore excluded from further analysis.
The Mg ii line
Once the underlying SBB emission had been accurately reconstructed in each quasar spectrum, the Mg ii λ2798 line could be modelled using Gaussian components. After subtraction of the disk power-law and total SBB emission, the remaining Mg ii emission was fitted using chisquare minimization. All objects required one or two Gaussians to achieve a good fit, with all components used being broad (>1000 km s −1 ) as no significant improvement to the fits was achieved by including narrow components. We assign no physical meaning to the individual properties of each component in cases where two Gaussians were required, they are simply used to construct the total profile. Using this profile, the FWHM and the wavelength span of the line could easily be identified. An example of a two-component Mg ii line fit is shown in Fig. 3. 
The [O iii] doublet and Hβ blend
Optical [O iii] emission in quasars appears as doublet components located at λ4959Å and λ5007Å and is a very useful feature to analyze given its role in the EV1 correlation and its potential use as an orientation indicator. However, the redshift range spanned by our sample means only five of our objects have adequate SDSS spectral coverage of the doublet. In those five objects we fitted the [O iii] emission, together with the blended broad Hβ emission, using one or two Gaussians for each of the [O iii] components and one Gaussian each for the broad and narrow components of Hβ, after subtraction of the power-law continuum. No Fe ii emission was obvious in the blend, so it was not included. The wings of the Hβ line extend smoothly onto the power-law fitted in the UV part of the spectrum, indicating starlight is not significant in the wavelength range spanned by the Hβ blend, hence it was not included. Cases where two Gaussian profiles were needed to replicate each of the [O iii] components follow the established pattern of a broader, blueshifted component blended with a narrow component whose centroid falls close to the systematic redshift (Bian et al. 2005) . When using chisquare minimization to fit the total Hβ blend, the narrow (and where applicable, broad) Gaussians of each Gaussian contributing to the red component was set to 3 times that of the corresponding Gaussian in the blue, as atomic theory predicts. The final fitted model profiles for each of the five objects are shown in Fig 4. 4. ANALYSIS
Line properties and correlation testing
We examine several line properties, as well as quasar inclination angle, in order to test for correlations. For the Mg ii λ2798 line these properties are: FWHM, line dispersion (σ line ), FWHM-to-σ line ratio (FWHM/σ line ) and EW. In addition, the Fe ii EW and the ratio EW(Fe ii)/EW(Mg ii) are also tested, giving a total of 21 property pairs. The EW of Mg ii is calculated over the wavelength range where the line model flux is at least 1 per cent of its peak flux, while the Fe ii EW is calculated over the entire SBB and Mg ii fitting region (2300-3300Å). Both FWHM and σ line are methods of measuring the line width, with FWHM being sensitive to the line core, while σ line is comparatively more sensitive to the line wings. Therefore, the FWHM-to-σ line ratio is an indicator of the line shape. Values of the FWHM-to-σ line ratio are well known for simple idealized line profiles, and become larger as the profile shape becomes more core dominated and vice-versa. For example, a perfectly rectangular profile has FWHM/σ line =3.46, while a Gaussian has FWHM/σ line =2.35.
Correlation tests between each pair of properties are performed using Spearman's rank correlation coefficient. Where a significant correlation is found, a positive coefficient value indicates a positive correlation, while a negative value indicates a negative correlation. Calculation of these coefficients requires a unique value of each variable being tested, however, as can be seen in Table 1 all other properties undergoing correlation testing have their values averaged over all quasars sharing a particular inclination angle, before testing for correlation of these properties with inclination angle. Table 2 shows the correlation coefficient for each pair of variables and indicates where this value corresponds to p(null), the probability of no correlation, being less than 5 per cent. For 21 uncorrelated pairs, one would expect to find one value satisfying this condition by chance, however this occurs six times for our sample, indicating that these pairs are worthy of further investigation.
The fact that 11 of the 56 quasars eligible for analysis were rejected warrants extra testing to ensure, as far as possible, that their exclusion is not due to factors which significantly influence the measured properties in this study. Such an outcome could introduce biases into the correlation results listed in Table 2 . The catalog of Shen et al. (2011) contains data on over 100 000 SDSS quasars, including all 11 excluded objects and 42 out of the 45 sample objects. Three relevant variables are listed for these quasars, namely Mg ii FWHM and both Fe ii and Mg ii equivalent width. Their method used to calculate these values is not identical to ours, however they do provide a way of testing for evidence of bias by providing values across both tested and excluded quasars. A Kolmogorov-Smirnov test indicates that both the excluded and sample quasars are consistent with having been drawn from the same distribution for each of the three measurement categories obtained from Shen et al. (2011) as well as the inclination angle. Additionally, when combined to form a sample containing both included and excluded quasars, significant correlations are only found in instances already noted from the original analysis sample data. Therefore there is no evidence that removing the 11 objects in question affected the correlation findings. The criteria for significant correlation is not met in any case where inclination angle is tested against another measured property. It is a somewhat surprising result that no correlation is found between Mg ii FWHM and inclination angle due to the numerous studies which claim line width dependence on the apparent orientation of quasars. This lack of correlation is also evident upon examination of the FWHM values calculated in Paper I and warrants further discussion (see Section 5.2). The positive relationship between the equivalent widths of Mg ii and Fe ii is easily explained, since both ions require photons of very similar energies to enable their creation (7.9 eV for Fe i→Fe ii and 7.6 eV for Mg i→Mg ii) and destruction (16.2 eV for Fe ii→Fe iii and 15.0 eV for Mg ii→Mg iii). Differences in the ionization environment between objects will therefore likely change the observed strengths of both ions' equivalent widths in the same sense (both strengthening or weakening). Unsurprisingly, as they are both methods of measuring the line width, there is apparent a positive correlation between FWHM and σ line .
The two types of line width measurement used in this study (FWHM and line dispersion) were examined by Collin et al. (2006) (hereafter C06) using the sample of Hβ-reverberation-mapped quasars listed in Peterson et al. (2004) . By doing this they attempted to determine a reliable method for calculating black hole mass using the properties of broad emission lines. Their study revealed that both measures of line width were found to vary between repeat observations of the same object, indicating that both values cannot depend solely on black hole mass, inclination or a combination of both. The same was also found to be true for the FWHM-to-σ line ratio. As is the case for our observations of Mg ii lines, a positive correlation between FWHM and σ line was evident for Hβ in C06. There are also correlations involving FWHM/σ line with respect to both FWHM and σ line . However, the manifestation of the relationship between FWHM-to-σ line ratio and line dispersion is very different from that for Hβ in C06, which showed a positive correlation between the two variables (see fig. 3 of that paper), whereas in our case the correlation is negative. It should be noted, however, that the σ line values in our Mg ii sample extend to much greater velocities than for Hβ in C06, while the number of larger-than-Gaussian FWHM-to-σ line ratios recorded is small. In C06 objects are divided into categories for each of the line width measurements, for FWHM-to-σ line ratio they are Population 1 (FWHM/σ line <2.35) and Population 2 (FWHM/σ line >2.35), while for line dispersion they are Population A (σ line <2000) and Population B (σ line >2000). Most objects in C06 lay in either both Population 1 and Population A or both Population 2 and Population B. Conversely, based on the categorization of C06, 39 out of our 45 objects have the Mg ii line residing in the classes of both Population 1 and Population B. The greater width in our sample is likely due to the Peterson et al. (2004) quasars used in C06 being selected for low redshift to allow optical observation of the Hβ line. Unlike the case for line dispersion, there is a positive correlation between FWHM and the FWHM-to-σ line ratio.
Both of the line width correlations with the FWHM-to-σ line ratio have very strong significance, as the probability for no correlation is p=0.0001 in both cases. This likely results from the obvious fact that the ratio's numerator is the FWHM, with which the correlation is positive, and the denominator is the line dispersion, with which the correlation is negative, together with the substantial scatter in the FWHM vs. σ line relationship. The significance of the relationship between these two line width measurements is substantially smaller than the significance of the ratio's correlations with either of the line width measurements, a no-correlation probability being p=0.04. Therefore, the finding of positive correlation with FWHM and negative correlation with σ line probably does not tell us anything given that the ratio measures FWHM divided by σ line .
The ratio of Fe ii-to-Mg ii EWs has been investigated previously for its suitability as an indicator of the Fe-to-α element abundance ratio (Verner et al. 2003) . Observations could then be used for comparison with models which suggest timescales for Fe enrichment are longer than those for α-elements including Mg (Hamann & Ferland 1993) . However, there appears to be no relationship between the ratio and redshift (Freudling et al. 2003) . Our results give two significant correlations, one with each of the EW terms already in the ratio, namely those of Fe ii, where there is positive trend, and Mg ii, where there is a negative trend. Since Fe ii is the numerator and Mg ii is the denominator in the ratio, these correlations may not be telling us much other than the obvious fact that the EWs of Fe ii and Mg ii are not perfectly correlated, similar to the opposite-direction correlations found for the FWHM-to-σ line ratio with each measure of line width. In summary, it is possible to pick out only two significant correlations found in this section which have physical significance. They are: (i) the positive correlation between EW(Mg ii) and EW(Fe ii), and (ii) the positive correlation between Mg ii FWHM and the line dispersion. These are illustrated in 
Broad lines at high inclination
In common AGN unification schemes, the visibility of unpolarized broad lines indicates a low angle between the accretion disk axis and the line-of-sight of the observer. At high angles the line-of-sight to the central engine is then obscured by a dusty torus lying in the plane of the accretion disk and is only visible in polarized light, as seen in NGC 1068 (Antonucci & Miller 1985) . Our sample includes many objects which have an inclination angle greater than that predicted to be possible for Type 1 objects, for example Marin (2014) which obscuration of the disk and BLR occurs. This issue was also noted in Paper I. Indeed, broad lines are visible in our sample objects at angles all the way up to those indicating an almost edge on view (89 • ), as shown in Fig. 6 . As stated previously, there is no correlation between either line width measure and inclination angle. Table 3 .
It must be stressed that this is a very small number of objects and therefore trends cannot be identified involving inclination angle or any other variable examined in this paper. However, it should be noted that the [O iii] EWs recorded here are all large relative to the peak of the distribution recorded in Risaliti et al. (2011) , which occurs at ∼10Å (see fig. 1 in that paper) . This supports the hypothesis that quasars viewed at comparatively edge-on orientations have large [O iii] EW, since these objects have relatively large inclination angles compared to the general observed quasar population. It also appears that the Fe ii emission within the Hβ blend is comparatively weak, since adding Fe ii emission lines to the model is not necessary to achieve a good fit. Given these large [O iii] EW values, this supports the general anti-correlation between the strengths of [O iii] and Fe ii revealed by EV1 in Boroson & Green (1992) . A striking result from our investigation is that both measures of line width are consistent with having no correlation with inclination at angles all the way up to an edge-on viewing orientation. In fact, the correlation tests reveal the probability of no dependence to be p>0.9 in both cases. Aside from the questions posed regarding the validity of the unified model in the context of observable broad lines at high inclinations, the lack of correlation places restrictions on the possible geometric configuration of the region producing broad Mg ii. If the Mg ii emitting gas is located in a structure similar to a disk, then one would expect the projection of a BLR cloud's rotational velocity along the line-of-sight to depend on inclination angle according to v obs = v rot sinθ i , where v obs is the maximum observed velocity and v rot is the intrinsic rotational velocity. Therefore in the disk model the highest inclination objects should, in general, produce the largest line widths. The lack of correlation could mean that Mg ii FWHM is a good indicator of black-hole mass in lobe-dominated quasars, however a large Mg ii reverberation campaign would be required to confirm this hypothesis.
In Shen & Ho (2014) the EV1 anti-correlation between the Fe ii/Hβ strength ratio and [O iii] strength is interpreted to result from an increase in Eddington ratio in the direction of weakening [O iii], with a substantial spread in Hβ FWHM observed at each point along the correlation axis (See fig. 1 in that paper) . This FWHM spread is in turn portrayed as an orientation effect, with higher inclination angles resulting in greater line widths at fixed black hole mass. Such a view depends on Hβ velocities projecting strongly into the plane perpendicular to the radio axis. The fact that there is no correlation with FWHM in our Mg ii data suggests this may not be the case in lobe-dominated quasars exhibiting broad UV/optical emission lines. An alternative possibility is that Mg ii occupies a less "disk-like" geometry than Hβ. How plausible is this? There are studies that suggest the Mg ii and Hβ emission regions are not co-spatial, for example Wang et al. (2009) show that the Mg ii FWHM in a large sample of Seyfert 1s and quasars is typically significantly lower than that for Hβ, suggesting it forms at greater distances assuming a virialized gas. There is also evidence that the Mg ii line center is less shifted from the object redshift than Hβ (Marziani et al. 2013 ). However, this argument is easily countered by the findings of previous studies such as Ghisellini et al. (1993) and Aars et al. (2005) regarding the dependence of Mg ii line width on inclination.
Although Mg ii EW as a function of inclination angle in our sample does not meet the criterion for significant correlation, the actual presence of such a correlation cannot be ruled out with high confidence. This is due to the probability of no correlation being rather low (p=0.12). If such a trend does in fact exist, then it is in the positive sense as depicted in Fig. 7 , similar to the findings for [O iii] in Risaliti et al. (2011) . This would imply that the Mg ii emission region radiates relatively isotropically compared to the accretion disk, causing the power-law continuum to appear weaker relative to Mg ii as inclination angle increases. Such a scenario is supported by the lack of correlation between line width and inclination angle, in contrast to findings for the general quasar population in previous studies. It is also notable that for Fe ii EW, the no-correlation probability with inclination angle is also not very high (p=0.16). The typical geometry of the low ionization BLR in our sample could therefore differ from the flat-disk configuration suggested for the general quasar population, for example by being approximately spherical or forming a highly distorted or thickened disk. The average Mg ii EW in our sample measures 48.8Å, which is similar to the value of 43.9Å found in a sample of 635 quasars selected from the Large Bright Quasar Survey reported in Forster et al. (2001) . This indicates that there is nothing unusual about the Mg ii line strengths in our sample compared to quasars overall. This seems to rule out a perfectly spherical configuration for the Mg ii emission region in our sample, as such a situation would generate atypically large EWs in cases of high inclination.
Absence of an obscuring torus at high inclination
The fact that broad emission lines can be seen at large inclination angles in our sample, for example Fig. 8 , contradicts the existence in these objects of a smooth, continuous dusty obscuring torus orientated co-planar with the accretion disk. In order to test for the presence of dust in our sample objects, mid-infrared data derived from the All-Sky survey undertaken by the Wide-field Infrared Survey Explorer (WISE) satellite (Wright et al. 2010 ) was compared to each quasar's disk continuum by extending the optical power-law to 2 µm in the rest-frame. After correction for redshift, linear interpolation or extrapolation of the spectral flux recorded by WISE at the central wavelengths of the two shortest wavelength bands (3.4 µm and 4.6 µm) was used to find the total spectral flux at 2 µm. The 2 µm total flux to disk ratio could then be calculated. No correlation was found between this ratio and quasar inclination angle, the average ratio over all sample objects being 2.7. This is comparable to a rough estimate of ∼3 made by examining the mean spectral energy distribution corresponding to all SDSS quasars shown in fig. 11 of Richards et al. (2006) and extending a straight line from the red side of the big blue bump peak to 2 µm. This indicates that, although the sample quasars are unobscured at high inclination, their dust content is not unusual among the quasar population.
A possible explanation for these results could be a "clumpy" torus where increasing viewing angle increases the probability of obscuration of the central engine. Unlike the smooth torus model, this probability never becomes zero even when the viewing angle reaches edge-on (Elitzur 2008) . Clumpy torus models have become popular in recent years due to models of the gas inflow towards the central engine from the surrounding galactic environment (Netzer 2015) . The possibility of warped obscuring disks (Lawrence & Elvis 2010) may also provide an explanation, since highly distorted dusty structures could disproportionately cover regions of the sky close to the radio axis as seen from the AGN in comparison to the traditional co-planar torus model. This could leave equatorial lines-of-sight to the central engine unobscured.
As noted in Section 2, lobe-dominated quasars of the type used in our sample are rare within the quasar population. It could therefore be that the vast majority of high inclination quasars are obscured by dust in the accretion disk equatorial plane. Searches for lobe-dominated objects would then record only those rare quasars which give an unobscured view of the central engine at high inclination. As noted previously in this study and in Paper I ,the properties of our sample quasars, including their dust content, are not unusual apart from the lack of FWHM correlation with inclination and the high inclination angles themselves. Therefore it would seem that the simplest explanation is that our sample records those high inclination quasars which happen to have a dust geometry allowing observation of the central engine.
SUMMARY
This section provides a brief summary of the main conclusions drawn in this paper:
(i) There is no correlation between the width of Mg ii λ2798, as measured by either FWHM or line dispersion, and object inclination angle in our sample. This suggests that the low ionization BLR in lobe-dominated quasars is not confined to a thin disk geometry, unlike what has been found previously for the general quasar population.
(ii) The average Mg ii EW in our sample is not much higher than for quasars generally. Given the preponderance of high inclination objects recorded in this study, a spherical geometry for the Mg ii broad emission region would seem to be ruled out. It may instead occupy a heavily distorted or thickened disk.
(iii) Any correlation between Mg ii EW and inclination angle does not meet the strict criteria for significance. However it would be a positive correlation, and cannot be ruled out with any confidence. Therefore this finding does not provide strong evidence against the conclusions in (i).
(iv) The lack of correlation in (i) could indicate that Mg ii FWHM is a black hole mass indicator unaffected by orientation in lobe-dominated quasars. Further evidence from large future Mg ii reverberation mapping campaigns are needed to confirm this. (v) The five [O iii] EW measurements reveal numbers which are significantly higher than that of the peak of the distribution recorded in the general quasar population. This supports the hypothesis that highly inclined quasars have high [O iii] EWs. It also concurs with the EV1 correlation, since Fe ii emission is weak in these objects. (vi) All objects in our sample have unobscured lines-of-sight to the central engine, even those at edge-on inclinations. In such objects a smooth dusty torus co-planar with the accretion disk is insufficient to explain such occurrences, which may be instead accounted for by a clumpy torus or a warped disk obscurer, allowing sight-lines to the inner regions in at least some circumstances. This may be a selection effect resulting from the large inclination angles of our sample objects, allowing only those rare quasars having unobscured central engines at high viewing angle to be observed.
